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Summary Objective: To study tremor side effects of salbutamol an easily
applicable, quick and low-priced method is needed. A new method using a
commercially available, pen-shaped laser pointer was developed. Aim of the study
was to determine sensitivity, reproducibility, reference values and the agreement
with a questionnaire.
Methods: Tremor was measured using a laser pointer technique. To determine
sensitivity we assessed tremor in 44 patients with obstructive lung disease after
administration of cumulative doses of salbutamol. Subjects were asked to aim at the
centre of a target, subdivided in concentric circles, from 5m distance. The circle in
which the participant succeeded to aim was recorded in millimetres radius. In
another series of measurements, reproducibility and reference values of the tremor
was assessed in 65 healthy subjects in three sessions, at 9 a.m., 4 p.m. and 9 a.m.,
respectively, 1 week later. Postural tremor was measured with the arm horizontally
outstretched, rest tremor with the arm supported by an armrest and finally tremor
was measured after holding a 2-kg weight until exhaustion. Inter-observer variability
was measured in a series of 10 healthy subjects. Tremor was measured
simultaneously by two independent observers.
Results: Salbutamol significantly increased tremor severity in patients in a dose-
dependent way. Within healthy adults no age-dependency could be found
(b ¼ 0:262mm/year; P ¼ 0:72). There was no agreement between the questionnaire
and tremor severity (r ¼ 0:093; P ¼ 0:53). Postural tremor showed no significant
difference between the first and third session (P ¼ 0:07). Support of the arm
decreased tremor severity, exhaustion increased tremor severity significantly. A good
agreement was found between two independent observers (interclass correlation
coefficient 0.72).
Discussion: Quantifying tremor by using an inexpensive laser pointer is, with the
exception of children (o12 years) a sensitive and reproducible method.
& 2004 Elsevier Ltd. All rights reserved.
Introduction
Physiological tremor is a relatively asymptomatic
phenomenon in healthy persons.1 Various physiolo-
gical and psychological factors can influence tremor
severity such as, age, posture and stress.1–7
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Furthermore, b2-adrenoceptor stimulation is known
to be associated with tremor.
The majority of previous trials have relied on
accelerometry (either of forearm, hand or finger)
as the objective method of tremor measure-
ment.5,6,8–11 Accelerometry is neither cheap nor
practical. Advanced equipment is necessary, but
not widely available in clinical practice.12
An alternative method for quantifying tremor is
using the so-called clinical rating scales.12,13 By means
of clinical observation the extent in to which tremor
occurs is determined. This method depends on the
examiner’s amount of knowledge and experience.12
Thirdly, questionnaires can be used in assessing
tremor severity.12,14 This method is cost-effective,
yet its validity is still a matter of concern. In
addition, this method is subjective and considered
less appropriate for quantifying normal and pro-
nounced physiological tremors.14
Thiringer and Svedmyr evaluated tremor side
effects of bronchodilator agents by using two
different methods. Results of one method, involving
tremor measurement by using a Grass accelerometer,
were very accurate. The other method was easy, not
requiring a complex device. Namely, subjects had to
draw a line between two sinus curves. Each time the
subject crossed the line of a sinus curve this was
registered as an error. Unfortunately, a large varia-
tion between results was found.11
To determine tremor severity, a reliable, valid
and objective method of assessment is essen-
tial.7,12 Moreover, this method needs to be easily
applicable, quick and low-priced. To apply such a
method in future clinical trials examining the
effect of drugs on tremor severity, a simple
technique has been developed using a cheap,
commercially available, pen-shaped laser pointer.
The purpose of this study was to determine the
sensitivity of this method when applied in patients
with obstructive lung disease, given cumulative
doses of salbutamol. Test–retest reproducibility was
studied in healthy participants, in a separate study.
Furthermore, the influences of age, posture, fati-
gue and diurnal variability on tremor severity were
evaluated. Correlation between a questionnaire and
this laser pointer technique was also examined.
Finally inter-observer variability was determined.
Materials and methods
Subjects
Twenty-three asthma patients (16 male; mean age
5277.7 years) and twenty-one patients with
moderate or severe Chronic Obstructive Pulmonary
Disease (COPD) (19 male; mean age 6177.3 years)
participated in the study. FEV1% predicted was 89
(7.8)% in asthma patients and 53 (11.3)% in COPD
patients. Asthma patients showed a FEV1/VC of 71
(5.8)% versus 46 (9.3)% in COPD patients. Patients
were clinically stable and medication was not
changed during the study period. Patients with
other pulmonary diseases, a history of hypersensi-
tivity for salbutamol, cardiac diseases, lactating or
pregnant women were excluded. Participants with
an impaired eye-sight or suffering from neurologi-
cal disorders or any sensory, cognitive or physical
impairment or endocrine disorders were also
excluded. Long-acting b2-agonists were discontin-
ued 24 h before measurements, other pulmonary
medication at least 8 h before measurements.
In a separate series of measurements, 65 healthy
subjects (23 male and 42 female), aged 4–86 years
(mean7 SEM: 34.947 20.85 years) were studied to
determine reproducibility and reference values. Six
subjects were left-handed.
In order to determine inter-observer reliability, a
third series of experiments was conducted in 10
healthy subjects (5 male; mean age 32 7 12.81
years).
On the experimental days, customary smoking
was permitted, caffeinated drinks were prohibited.
Less than two units of alcoholic beverages were
admissible within 24 h before the assessment.
Tremor measurements were not accomplished
within 30min of excessive physical activity. A
questionnaire was completed to allow all of the
above factors to be established. Moreover, an
additional 7-item questionnaire using a 100-mm
visual analogue scale (VAS) determined the sub-
jective perception of tremor (Table 2) in healthy
subjects.12
The study was approved by the local medical
ethics committee and all subjects participated
after having given their written informed consent.
Tremor measurement
Measurements of tremor of the upper limb were
made holding a commercially available pen-shaped
laser pointer (length 140mm, diameter 15mm;
Transverss), which are normally used in oral
presentations. Participants were asked to aim at
the centre of a target, with this laser pointer held
in the closed dominant hand. The arm was
horizontally outstretched in a pronated position;
the forefinger operated the switch. During the
assessment the subject was seated in a comfortable
chair 5m from the target. The target was divided in
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10 concentric circles numbered from zero to nine,
with a mutual distance of 8mm. Tremor was
measured for periods of 30 s during which the laser
pointer was switched on continuously. The exam-
iner read the circle within which the participant
succeeded to aim during the last 20 of those 30 s.
This allowed the subject to take some time to zero-
in on the target. Results were expressed in
millimetres radius of this circle. At least a 1min
break was taken between measurements.
Procedures
The patients received double-blind and in random
order on two separate occasions the following
treatments: Ventolin 200 mg via pMDI þ Volumatic
or placebo via pMDI þ Volumatic. Supplementary
doses of 200 mg salbutamol or placebo were given at
35-min intervals to make a dose response curve up
to a cumulative dose of 200, 400, 800 and 1600 mg.
Tremor was assessed as described above, with the
arm supported by an armrest.
The group of healthy subjects were divided into
three subgroups: children (4–17 year olds; n ¼ 17),
adults (18–59 year olds; n ¼ 38) and seniors (over
60-year-olds; n ¼ 10). Adults participated in three
experimental conditions that were completed
within one session; a total of three sessions took
place. Subjects were asked to be present 10min
before the start of the experiment, to complete
the questionnaire, receive the instructions and to
relax.
The first condition of each session included
tremor measurement while the arm was horizon-
tally outstretched (postural tremor). Repeating this
measurement 3 times evaluated learning. Secondly,
tremor of the hand was measured with the forearm
supported by an armrest (further referred to
as resting tremor). Finally, tremor was measured
after holding a 2-kg heavy weight with horizontally
outstretched arm, until exhaustion. Again,
tremor was measured with horizontally out-
stretched arm.
The first session of three conditions took place
between 9 and 10 o’clock in the morning. The same
day the second session took place between 4 and 5
o’clock in the afternoon, in order to assess possible
diurnal variations. Finally, one week later the third
session took place, again between 9 and 10 o’clock
in the morning, in order to evaluate between-day
variability.
Children and seniors only participated in the first
session. Moreover, children did not fill in the
questionnaire, nor did they participate in the
fatigue experiment.
Inter-observer reliability was determined in 10
healthy subjects. Two observers measured tremor
of the subjects whose arm was supported by an
armrest. The observers simultaneously observed
the target area and independently noted the circle
in which the subject focused.
Statistical analysis
Age and gender distribution were determined. The
mean values obtained after cumulative dose were
calculated. The comparisons of the means were
performed by Wilcoxon matched pairs test using
SPSS for Windows version 10.0. Tremor severity was
correlated with age using Pearson’s correlation
test. Age-dependency of tremor was further eval-
uated using scatter grams and linear regression
models. Tremor severity was correlated with the
total VAS score using Pearson’s correlation test. The
influence of posture, physical activity and time of
the day was assessed using the Bland–Altman
technique15 and Student’s t-test for paired sam-
ples. Test–retest reproducibility was determined
likewise. Inter-observer reliability was determined
by calculating an inter-class correlation coefficient
using a variance components analysis.
Results
Tremor after salbutamol
Figs. 1a and b show that salbutamol, administrated
in cumulative doses, increased tremor severity for
both asthma and COPD patients.
Normal values
Mean radius of the circle around postural tremor in
healthy adults was 19.6874.12mm. Mean radius of
resting tremor and tremor after fatigue were also
calculated. Results are shown in Table 1.
Age-dependency of tremor
Postural as well as rest tremor were highest among
young children (o12 years) and declined during
adolescence (r ¼ 0:382; Po0:01; respectively,
r ¼ 0:356; Po0:01) (Figs. 2a and b). Only
children showed a significant age-dependency in
tremor severity (regression slope b ¼ 0:594mm/
year, Po0:05; respectively, b ¼ 0:625mm/year,
Po0:01). In adults no age-dependency was demon-
strated (b ¼ 0:262mm/year, P ¼ 0:72; respectively,
b ¼ 0:004mm/year, P ¼ 0:981).
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Agreement between tremor severity and the
questionnaire
Forty-eight healthy subjects completed the ques-
tionnaire. Mean VAS scores are shown in Table 2. No
significant concordance was found between the
responses to the questions and postural tremor
measured by laser pointer (r ¼ 0:093; P ¼ 0:53).
Learning
Using paired t-tests no statistically significant
difference was found between the first and second
tremor measurement while the arm horizontally
outstretched (P ¼ 0:534). Comparing the first and
third measurement within one session, a significant
difference was demonstrated (Po0:05) (Table 3),
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Figure 1 The dose–response relationship of tremor
severity versus salbutamol in asthma patients (a) and
COPD patients (b). BSL: baseline. Tremor radius in
millimetres. Dosage of salbutamol in micrograms. Spread
is expressed in standard error of the mean (mean 7
standard deviation/
ﬃﬃﬃ
n
p
).
Table 1 Normal values. Mean tremor radius are shown for postural tremor (tremor measured with arm
horizontally outstretched), rest tremor (tremor measured with arm supported by an armrest) and tremor
measured after lifting a 2-kg heavy weight.
Mean tremor radius (mm) Std. deviation (mm)
Postural tremorF1st session 19.68 4.12
Rest tremorF1st session 14.84 4.07
Tremor after fatigueF1st session 26.21 7.38
Postural tremorF2nd session 22.21 5.09
Rest tremorF2nd session 14.84 4.07
Tremor after fatigueF2nd session 27.05 5.71
Postural tremorF3rd session 21.16 3.62
Rest tremorF3rd session 15.26 2.96
Tremor after fatigueF3rd session 27.26 7.27
First session: 9 o’clock in the morning. Second session: 4 o’clock in the afternoon. Third session: 9 o’clock in the morning, one
week later.
Figure 2 (a). Scatter gram showing the relationship
between tremor severity (measured while arm horizon-
tally outstretched) and age (n ¼ 65) (r ¼ 0:382;
Po0:01). (b) Scatter gram showing the relationship
between tremor severity (measured with the arm
supported by an armrest) and age (n ¼ 65) (r ¼ 0:356;
Po0:01).
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suggesting that two measurements on one day were
sufficient for learning.
Between-day variations
Tremor measurement with the arm horizontally
outstretched was used as reference. No statistically
significant difference was established between the
first and third session (P ¼ 0:070). Mean postural
tremor at the third session was 21.1673.62mm
radius (Table 1). A Bland–Altman plot was drawn
showing a mean difference of 1.47mm (95%-
Cl: 8.27 to 11.21mm) between postural tremor
measured the first session and measured the third
session (Fig. 3a).
Diurnal variations
To determine the influence of posture, physical
activity and time of the day on tremor severity, the
statistical significance of the differences were
analysed using the third measurement of postural
tremor as the reference point. Results are shown in
Table 3. A significant difference was found
(Po0:01) between tremor measured while the
arm is supported by an armrest and tremor measured
while the arm is horizontally outstretched. Further
analyses, by means of Bland–Altman plots, showed a
mean difference of 4.84mm (95%-Cl: 12.77 to
3.08mm) between rest tremor and postural tremor
during the first session (Fig. 3b).
There was also a significant difference between
tremor measured in the morning and tremor
measured in the afternoon (Po0:01).
Exhaustion
Tremor measured after exhaustion differed from
postural tremor during the first session (Po0:01).
The mean difference between tremor measured
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Table 2 Mean VAS scores. Subjects answered the questions by placing a vertical dash somewhere on a 100-mm
long line.
Questions Mean VAS score Std. deviation
1. Do you tremble? 1.71 1.49
2. Can you put a thread through the eye of a needle? 2.16 1.66
3. Can you insert a key in a keyhole? 1.07 1.29
4. Can you eat soup with a spoon without spilling? 0.70 0.96
5. Can you drink tea from a cup without spilling? 0.66 0.92
6. Can you pour milk into a glass without spilling? 0.63 0.92
7. Can you tie your shoelaces? 0.50 0.77
Total VAS score 7.42 6.34
The answer to the first question could vary between NOTAT ALL and VERY MUCH. The answers to the remaining questions could
vary between VERY WELL and NOT AT ALL. The higher the score the higher the subjective tremor severity within the subjects.
Table 3 Paired samples t-test.
Mean Std. deviation P (two-tailed)
Pair 1 POSTA1FPOSTA2 0.42 4.14 0.534
Pair 2 POSTA1FPOSTA3 1.26 3.49 0.032
Pair 3 POSTA3FRESTA 4.84 3.96 0.000
Pair 4 POSTA3FEXHAUSTA 6.53 6.40 0.000
Pair 5 POSTA3FPOSTB 2.53 4.60 0.002
Pair 6 POSTBFRESTB 7.37 4.70 0.000
Pair 7 POSTBFEXHAUSTB 4.84 5.11 0.000
Pair 8 POSTA3FPOSTC 1.47 4.87 0.070
Pair 9 POSTCFRESTC 5.89 3.57 0.000
Pair 10 POSTCFEXHAUSTC 6.11 6.29 0.000
Experimental conditions: POST¼postural tremor (tremor measured while arm horizontally outstretched); REST¼rest tremor
(tremor measured with arm supported by an armrest); EXHAUST¼ tremor measured after lifting 2-kg heavy weight. Sessions:
A¼first session (9 o’clock in the morning); B¼ second session (4 o’clock in the afternoon); C¼ third session (9 o’clock in the
morning, one week later). To evaluate learning, postural tremor was measured three times during the first session (POSTA1,
POSTA2, POSTA3). Postural tremor was considered to be the reference point.
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after holding a 2-kg heavy weight with an out-
stretched arm until exhaustion, and postural
tremor was 6.53mm (95%-Cl: 6.28 to 19.33mm)
(Fig. 3c). Fig. 3d shows the mean differences
between tremor measured after exhaustion and
postural tremor during the second session.
Inter-observer reliability
A good agreement between two observers was
found. Eight out of 10 tremor measurements were
identical between observers, the inherent inter-
class correlation coefficient was 0.72.
Discussion
In a group of patients with obstructive lung disease
we showed that the method is able to detect
differences in tremor even after low doses of
salbutamol. After demonstrating that the techni-
que is a sensitive method for assessing tremor
severity in patients, we evaluated test–retest
reproducibility in a group of normal subjects.
Results showed that the outcomes of the measure-
ments were in fact consistent (Table 3). In another
series of experiments inter-observer reliability was
determined. According to the guidelines by Byrt16 a
good agreement between observers was found.
To evaluate whether this new method for quantify-
ing tremor severity was fit for general use,
reference values and the agreement with a
questionnaire were determined. Quantifying tre-
mor severity by means of a questionnaire is
an alternative method that is considered easily
applicable and low-priced. In previous studies it
has been found difficult to determine moderate
cases of tremor using a questionnaire.14 In
our study we used a 7-item questionnaire to
determine the subjective tremor severity within
healthy subjects. No agreement between
the subjective perception of tremor and the
actual tremor severity, measured by laser pointer
technique, could be found in our healthy partici-
pants. Unfortunately, due to the lack of an
accelerometer in our institute, we were not able
to compare the laser pointer technique with a more
expensive accelerometer method to measure tre-
mor severity.
Results show that subjects scored highest on the
second question (Table 2; Mean: 2.16). This was
possibly induced by the fact that this question is
interpretable in more than one way. Several
participants stated whether or not they could put
a thread through the eye of a needle depended on
their eyesight rather than on the amount of tremor
they were having.
We hypothesized that tremor severity is related
with age. Birmingham et al. found that tremor-
amplitude was greatest among children, declined in
adulthood and increased again in the older sub-
jects.2 In our study, an increase in tremor severity
within older subjects was not found. Our method of
assessing tremor severity is a task that involves
aiming at a stationary target via visual feedback.
Beuter et al. studied tremor during tracking tasks
and illustrated that the interactions are not
simple.17,18 Given the fact that aiming at a target
with a laser pointer requires a certain amount of
eye–hand co-ordination and concentration, the
increased deviation determined between children
is not likely to be due only to an increased degree
of tremor. Therefore, we consider this method less
appropriate for measuring tremor severity of under
12-year-olds.
Postural tremor of the hand is a very complex
phenomenon, resulting from mechanical, neuro-
muscular and cardiovascular factors. Reducing the
biomechanical degrees of freedom by supporting
the arm with an armrest diminishes tremor sever-
ity. Morrison and Newell found that tremor severity
is slightest when the upper arm is supported, but
movement of the hand and wrist is allowed (i.e. in
comparison to full limb support and upper arm
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Figure 3 Bland–Altman plots: (a) postural tremor in first
and third session; (b) postural and resting tremor in first
session; (c) tremor first session before and after fatigue;
(d) tremor second session before and after fatigue. Y-axis
show tremor difference in millimetres.
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support).3 Comparing tremor severity measured
while the arm is horizontally outstretched and
measured with the arm supported by an armrest,
we can draw the conclusion that tremor severity
decreases in resting position. Therefore, this
position will be most sensitive to detect changes
when examining the effects of drugs on tremor
severity.
Physiological tremor increases when stress is
induced. Fatigue, but also anxiety and fear can
aggravate physiological tremor. Our results show
that tremor severity increases after holding a
2-kg weight until exhaustion. Using the Bland
and Altman technique we learned that within
subjects with an increase in postural tremor,
fatigue aggravates tremor severity to a higher
extent than within subjects with a lesser amount
of tremor (Fig. 3c). One reason for this could be
that subjects were already exhausted before the
beginning of the experiment. However, we have to
keep in mind that this trend is observed based
primarily on one single subject. If this subject
would be removed the appearance of a trend
virtually disappears.
Tremor also appeared to be more severe during
the afternoon than around 9 o’clock in the
morning. We assumed that tremor increases due
to a physical activity during the day. Hypothesizing
that physical activity aggravates severe postural
tremor to a higher extent, we expected that all
subjects, measured during the afternoon after
holding a 2-kg heavy weight, would show a
high increase in the degree of tremor severity.
However, this phenomenon did not occur during this
second session (Fig. 3d). Therefore, no proper
explanation for this diurnal variation could be
given yet.
Our test shows only the amplitude of the hand
tremor during this pointing movement. Unlike using
accelerometers, no frequency information can be
provided. So our method is less suitable for, e.g.
differentiating types of tremor.
We used a Transverss laserpointer, but in fact
any commercially available laser pointer could
have been used. This method is easy to apply and
therefore can be used in any medical setting,
clinical or ambulatory. Moreover, this technique is
very cheap. The price of our laser pointer was
about 15 euro, whereas an accelerometer usually
costs over 300 euro.
In summary, this method is considered to be
sensitive enough to detect differences in tremor
severity developed during the day, or due to a
fatiguing task and due to b2-adrenergic drugs.
Moreover, this method has proven to be reproduci-
ble in adults.
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